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Abstract 
In recent years, there have been a number of reported studies on the use of non-destructive technique to 
evaluate and determine mango maturity and ripeness levels.  However, most of these reported works were 
conducted using single-modality sensing systems, either using an electronic nose (e-nose), acoustics, 
CCD, IR sensor or by other non-destructive measurements. This paper presents the work on the 
classification of mangoes (Magnifera Indica cv. Harumanis) maturity and ripeness levels using data 
fusion of the electronic nose (e-nose) and acoustic sensor and combine with CCD and IR sensor. A 
Fourier-based shape separation method was developed from CCD camera images to grade mango by its 
shape and able to correctly classify 100%. Colour intensity from infrared image was used to distinguish 
and classify the level of maturity and ripeness of the fruits. The finding shows 92% correct classification 
of maturity levels by using infrared vision Three groups of samples each from two different harvesting 
times (week 7 and week 8) were evaluated by the e-nose and then followed by the acoustic sensor. By 
applying a low level data fusion technique on the e-nose and acoustic data, the classification for maturity 
and ripeness levels using LDA was improved.  
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1. INTRODUCTION
Mango (Mangifera indica. L.) is an important commercial fruit crop throughout the world particularly 
in South East Asian countries, e.g. Malaysia, India, Indonesia, Sri Lanka, and Thailand and also in 
African countries. Malaysia’s share in the overall international fruit trade is relatively insignificant. 
Nonetheless, some interesting prospects for future development of tropical fruits in Japan have been 
identified [19]. Hence, it is timely for Malaysia to examine the export market potential for its fresh 
tropical fruits, particularly Harumanis mango into the Japanese market. Furthermore, it is important to 
note that Malaysia and Japan have a Government to Government agreement on exporting Harumanis, 
which is a special variety of mangoes specifically requested by Japan. Harumanis is considered the ‘‘King 
of Mangoes’’ and is very popular in Malaysia because of its deliciousness, sweet and aromatic fragrance 
[26]. Hence, the exporting of Harumanis mango could act as the gateway for other Malaysian fruits to 
penetrate the Japanese market.  
2. METHODOLOGY 
2.1. Shape Analysis 
Harumanis mango can be viewed adequately by 2 Dimensional perspectives; therefore they are most 
suitable for real-time machine processing. Fig 3 shows the shape and colour of Harumanis mango.  
Fig 3. Shape and colour of  Harumanis mango 
Presently, there are many methods available for analyzing shape of an object, ranging from a simple 
multiple point features method to a complicated geometric features approach. The method used in this 
project was conceptionalised by [35]. It was based on Fourier Descriptors (FD). They provide details 
mathematical explanation of FD for object recognition, matching and registration. Before this method 
could be implemented, several image pre-processing operations were performed on Harumanis mango 
image. The image was firstly binarised with an adaptive threshold, and secondly, processed via a 
sequence of morphological image processing such as thinning. 
2.2. Weight Estimation 
The actual weight was used during the scatter plot between the actual weight and estimated volume of 
mangoes. Hence, the measured weight of mangoes can obtained from the best scatter plot between the 
actual weight and volume from the different methods used. The measured weight was estimated based on 
the scatter plot between estimated volume and actual weight by using the equation below: 
y = mx + c (1) 
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Hence, the measured weight, 
m
cyx −= (2) 
Where, 
 y = volume of mango,  x = weight,  m and c = constant value 
2.3. Maturity Level Determination Analysis 
In order to classifying the different internal color of mango, histogram and entropy method were 
applied and performed by normalized them in RGB colour space. The entropy method is an efficient and 
general optimization algorithm. Entropy also is a statistical measure of randomness that can be used to 
characterize the texture of the input image. Fig 5 and Fig 6 show the image capture by CCD camera and 
IR Camera. Different maturity and ripeness level of mango can be seen in IR image as shown in Fig 6. 
Fig 5. Image captured by CCD camera 
Fig 6. Image captured by IR Camera 
3. EXPERIMENTAL 
3.1. Sample Preparation for Shape and Weight Analysis  
The experiment conducted graded the fruits to three grades, from A representing the best quality, to C. 
The quality of each fruit was inspected the inspectors, who studied the mango one at a time and made 
judgment as to fruit quality. Damaged or injured fruits and fruits infected by insects, diseases, blemishes 
such as scars, scabs and staining were discarded. The first 80 samples were allocated to test set, 
comprising of 20 samples for each grade, grade A, B and C. These samples were then imaged and later 
used to train machine vision system for shape inspection and recognition. The test sets were used to 
evaluate the machine vision accuracy for shape inspection. In the same way, the inspectors looked at the 
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mangoes one at the time and performed classification based on the quality feature of each fruit. 
Altogether the inspectors have designated 20 mangoes as grade A shape category, 20 mangoes as grade B 
shape category and 20 mangoes as grade C shape category. Fig 7 shows the shape category of Harumanis 
mango. Over 1000 samples were allocated for weight analysis. 
(a) Grade A                                                                 (b) Grade B                                               (c) Grade C 
Fig 7. Three different grade of Harumanis mango 
3.2. Sample Preparation for Maturity Analysis 
Normally, the maturity and ripeness level of mango depends on their external skin colour whether 
they are ripe, unripe, mature and immature. Unfortunately, this is not the case of Harumanis mango. 
Alternatively, different maturity and ripeness level can be detected by using IR camera. Ripe mangoes 
exhibit higher temperature compare to mature mangoes due to internal chemical reaction converting 
starch and fibre to sugar and water. All images were captured using VarioCam thermo graphic camera.      
The mango images were cropped to 80x80 square pixels. Later, each image is subjected to histogram 
to obtain distribution of RGB colour map. Fig 8 shows the cropping images of 9 selected mangoes 
throughout day 1, day 4 and day 8.  
         
(a) Day 1                                                            (b) Day 4                                (c) Day 8 
Fig 8. Cropped IR mango images for day 1, day 4 and day 8 
3.3. Sample preparation for e-nose measurement 
Sample preparation is one of the critical processes that ensure repeatable results. The volatile 
production might still vary with incubation time due to the small variations in the sample selection, such 
as weight, age and size. Thus, to obtain the optimal incubation time, three mango samples were picked 
from each stage 0 and stage 1 for the initial experiment. Each sample was incubated inside the jar for 15 
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minutes and the odour measurements were repeated 3 times. Later, the same procedure was repeated at 30 
minutes and 45 minutes of incubation time.  
4. Results and Discussion 
4.1. Shape Analysis Results 
The resulting image was used to calculate the moments and finally the Fourier of the object. Fig 9 
shows the plot of normalised Fourier descriptors for each shape category. Clearly from Fig. 12, the Grade 
A, B and C can be characterised by פF(3)פ. The method based on direct thresholding cannot be used 
because of the difficulty in establishing a single and effective shape threshold. A different approach is 
needed to solve this type of pattern recognition problem. We solved this problem by firstly treating all FD 
values in the set ranging from 1-50 as input features, secondly, invoking Wilks' lambda analysis to 
produce a subset comprising of principal features, and thirdly, applying discriminant analysis to establish 
classification.
Fig 9. Normalised Fourier descriptors for each shape category 
The discrimination power of these principal FD can be examined by studying the Mahalanobis’ 
distances which are shown canonically in Fig. 10. This plot clearly demonstrates that the mango separate 
into three groups, corresponding to three different grade. A close inspection of Fig. 13 reveals that Grade 
A, B and C groups separate distinctively among themselves. 
Fig 10.  A canonical plot showing the discriminant separation by Harumanis mango grades. 
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4.2. Weight Analysis Results 
The scatter plot between estimated value of weight and actual weight of mango shows high 
correlation, R2 equal to 94.0% of accuracy. The high prediction accuracy obtained shows that this simple 
formula is adequate to use to predict fruits weight and volume (measured volume using the cylinder 
method).  Fig. 11 shows the successful of this algorithm derived based on  950 Harumanis mangoes. The 
R2 = 0.94. 
Fig 11. Harumanis mangoes wieght estimation was derived after measuring 950 mangoes samples using CCD camera 
4.3. Maturity Results 
Pixel values that are above or below this range are saturated to the upper or lower limit value, 
respectively. The Fig. 12 contains three RGB colour spectrum of day 1, day 4 and day 8. The colour map 
of each pixel is determined by the combination of the red, green, and blue layer intensities stored in each 
colour plane at the pixel's location. The first dimension contains the red component, the second dimension 
is the green component, and the third dimension is the blue component of each element in the 80x80 
square pixels image. The colour components of an 8-bit RGB image are integers in the range [0, 255] 
rather than floating-point values in the range [0, 1]. Hence, based on the graph showed in Fig 12, the data 
of day 8 contains the highest contrast value followed by day 4 and day 1 contains the low contrast value 
than the other days. 
(a) day 4                                                   (b) day 4                                                (c)day 8 
Fig 12. The graph of spectral analysis of Harumanis mango for day 1, day 4 and day 8. 
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Fig 13. PCA plot for combination of mango image day 1, day 4 and day 8 
Principal Component Analysis (PCA) was applied on those colour map to group them accordingly 
based on day 1, day 4 and day 8. PCA plot in Fig. 13 shows five different grouping of day 1, day 4, and 
day 8. The result shows that grouping of day 8 give the more disctinct results. It shows high consistencies 
compared to grouping of day 1 and day 4. The grouping of day 1 and day 4 are distributed and not 
forming consistently. Whereas, all data plot for day 8 is closed to each other’s. 92% correctly classified 
grouping shows that the technique derived from infrared images can provide good classification between 
ripe mango and mature mangoes.  
4.4. FI and AFI measurement results 
All mango samples were kept in a room with constant temperature of 27(±1)oC and humidity of 80% 
during the experimentation process. The FI and AFI were also measured from the control samples at two 
different harvesting dates (week 7 and week 8). Seven random samples were taken from the test samples 
for obrix and pH measurements. The same method and experiments were repeated for the second batch of 
samples. Table 1(a) and 1(b) show both the firmness index and biochemical measurements, respectively. 
The FI in Table 1(a) show mangoes that were harvested at week 7 were firmer compared to the mango 
samples that were harvested at week 8. However, after seven days, the measurement shows that the 
control samples harvested at week 7 shrivel faster than the control sample harvested at week 8. The 
ripening process or degrading (rotting process) started earlier in mangoes harvested during their 
premature stages [25].  Similar to the firmness index, biochemical measurement results in Table 1(b) also 
proved that mangoes harvested early are less sweet and slightly sour compared to the mango harvested at 
week 8. The same results were reported by [30]. 
Table 1(a): FI  and AFI for four different maturity and ripeness levels of Harumanis harvested on two different dates 
Harvesting time a Day 2b Day 4b Day 7b
FI AFI FI AFI FI AFI 
Week 7 (Green) 27.71 63.48 7.213 40.64 6.463 38.21 
Week 8 (Mature) 22.25 60.44 8.975 49.04 8.751 47.73 
a The mango were harvested at week 8 and week 7 after the diameter is about 4cm and measured 2 days, 4 days and 7 
days later. 
b The average readings of three repeated measurements.  
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Table 1(b): Brix and pH for four different maturity and ripeness levels that were harvested on two different dates  
Harvesting time a Day 2 Day 4 Day 7 
Brix pH Brix pH Brix pH
Week 7 (Green) 18.9 4.93 20.3 5.37 21.6 5.54 
Week 8 (Mature) 20.6 4.93 21.3 5.99 24.4 6.22 
a The mangoes were harvested at week 8 and week7 after the size is about 4cm and measured 2 days, 4 days and 7 days 
after. 
4.5. E-nose measurement results 
Prior to performing e-nose measurements, the optimal configuration parameters must be obtained. The 
optimal configuration setup was implemented throughout the experiment for the e-nose measurement. 
The volatile compounds from the dynamic headspace of each mango (explained in Table 4) was 
measured and repeated three times. The measurements were performed on day 2, day 4 and day 7 after 
being harvested. All mango samples that were harvested on week 7 and week 8 were labelled as Green 
and Mature, respectively. Fig 14(a) shows that there is no distinctive difference in aroma detected by the 
e-nose between Green day 2 and Green day 4. However, the distribution of Green day 4 data is spread 
and can be actually split further into two different groupings. For Green day 7, the volatiles emission 
starts to differ. Fig 14(b) shows that there is clear separation between Green after 2 days and after 7 days.  
Fig 14(a): PCA plot of 32 mango sample harvested at week 7 measured on day 2 and day 4 
Fig 14(b): PCA plot of 32 mango sample harvested at week 7 measured on day 2 and day 7 
Unfortunately, when a classification model was implemented which consist of volatiles from mango 
samples at day 2, day 4 and day 7 that were harvested at week 7 and week 8; the PCA model was unable 
to discriminate the six different groupings. Only two different groupings were observed in Fig 20 and all 
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32 sensors were used in this model. Further validation and classification were performed using LDA. 
Similarly, the LDA plot observed in Fig 15 is unable to classify six different groups. The LDA can only 
discriminate four groupings instead of six different groups.  
Fig 15: PCA for three different maturity and ripeness level of Harumanis harvested at two different dates Green (week 7) and 
Mature (week 8) 
5. CONCLUSIONS 
A Fourier Descriptor method was developed from CCD (visible) data to grade mango by its shape and 
the results was able to correctly classify 100% mango sample by its’ shape. Colour intensity from infrared 
image was used to distinguish and classify the level of ripeness of the fruits based on the colour spectrum.  
The approach proposed was shown to be able to achieve 92% correct mango classification in terms of 
maturity and ripeness levels. The GCMS and e-nose results have shown that mango samples from two 
different harvesting times at Green (week 7) and Mature (week 8) produced very distinct aromatic smell 
and volatile gases. The firmness was also distinct between Green and Mature sample. For such cases, the 
PCA and LDA were adequate enough to discriminate and classify the samples according to different 
harvesting time. Similar results were also observed from FI and AFI. In summary, by applying data 
fusion, the combined CCD, IR, e-nose and acoustic responses essentially mimics the human preference as 
both interact and complement each other. Hence, this fusion method has strong potential to assist human 
panels in making decisions, for applications such as fruit quality assessments.  
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